Female reproductive traits were studied in four pure breeds (the Finnsheep, Suffolk, Targhee and Minnesota 100), the F 1 crosses between Finnsheep rams and females of the other three breeds and F2 and backcross ewes. Precocity of sexual development, defined as the percentage of ewe lambs lambing at 12 months of age, was measured in 709 ewe lambs in 4 years. Lambing and weaning rates were measured for a total of 1,030 parturitions of 1-to 3-year-old ewes over 3 years. Purebred Finnsheep ranked highest of all pure breeds and crosses for all three traits, with a single exception: backcross F x (FxS) ewe lambs ranked first in percentage ewe lambs lambing. For ewe lamb precocity, the ranking of the standard breeds, in decreasing order, was Suffolk, Minnesota 100 and Targhee. For number of lambs born, the ranking was Suffolk, Targhee, Minnesota 100, and, for number weaned, it was Targhee, Suffolk, Minnesota 100. The F 1 crosses were highly fertile, as ewe lambs and ewes of all three ages produced and weaned considerably more lambs than did standards. Finnsheep backcrosses, in most cases, were as fertile as the F1 and purebred Finnsheep and, in terms of prolificacy, were intermediate to those groups. One-quarter Finnsheep ewes were more fertile and prolific than standard purebreds. On average, F2 ewes were inferior to the F1 in all traits, and were similar to the 1A Finnsheep ewes. Finnsheep lambs had moderate perinatal mortality, but lambs that Were born alive had an excellent survival rate to weaning (97.5%), superior to that of Targhee (85.2%),
Introduction
The Finnsheep breed is widely recognized for its superior prolificacy (Maijala, 1966; Donald and Read, 1967) . More recent reviews are those of Maijala and Osterberg (1977) and Dickerson (1977) . In recent years, the Finnsheep has been introduced into a number of countries with the aim of genetically improving the reproductive performance of indigenous sheep. The Finnsheep, a native breed of Finland, has been classified as a member of the group of northern (European) short-tailed sheep, while most central European and British breeds have been regarded as medium-tailed sheep (Lydekker, 1913) . In a companion study to the experiment reported here, the inheritance of tail length was investigated (Oltenacu and Boylan, 1974) .
In 1968, an initial sample of the Finnshcep breed was imported into the United States jointly by the University of Minnesota and the US Department of Agriculture. The primary purpose of this importation was to assess the genetic potential of the breed for increasing productivity of domestic flocks. This report summarizes experimental investigations assessing reproductive performance of four pure breeds -the Finnsheep, Suffolk, Targhee and Minnesota 100 -and various crosses between the Finnsheep and these three standard breeds. The effects of crossbreeding on the precocity of sexual development in ewe lambs, the prolificacy of ewes and lamb survival to weaning are discussed.
Materials and Methods
Experimental studies with the Finnsheep breed were initiated with the 1968 importation Contemporary groups of the Suffolk, Targhee and Minnesota 100 breeds were maintained at the same location. The Minnesota 100 was derived from a crossbred foundation consisting of 50% Rambouillet, 25% Border Leicester and 25% Cheviot breeding. The Minnesota 100 ewes were already available at the initiation of this experiment. The Suffolk and Targhee ewes were purchased from purebred breeders and represented a wide range of flocks. In each of the 5 years of the study (1969 to 1973) , matings were made to produce purebred lambs of all four breeds. In addition, ewes of the three standard breeds were mated to Finnsheep rams to produce F1 offspring. As F1 females became available, they were mated to F1 rams of the same breeding and to rams of both parental breeds to produce the F 2 and both backcrosses. The reproductive efficiency of Fz and backcross ewes was assessed in the last 3 years of the study by mating them to Dorset, Suffolk and Hampshire rams to produce market lambs. Because of the delay in producing F2 and backcross ewes from F 1 ewes, not all types of females were available in each year of the study, and, consequently, the data were not distributed equally among the various breeding groups. The mating design by breed of sire and dam and by year is shown in table 1. Total numbers of sires and dam mating records are also shown in table 1. Dorset and Hampshire rams were purchased from private breeders, with an attempt made to obtain a "representative" sample of the breed. Some Suffolk rams were also purchased from private breeders on the same basis. Similar criteria were used in the selection of flock-raised rams.
The ewe flock was managed as a single unit for most of the year, with the ewes being pastured from about late May to October. The ewes were separated into lots ranging in size from about five to 25 for mating in November and December. All ewe lambs were exposed to a ram in their first fall. One ram was used per breeding lot so that the paternity of all lambs would be known. The ewes were confined to drylot after the termination of breeding, and shearing took place in late February to early March, before the start of the lambing season. At lambing, each ewe was placed with her lambs in an individual pen; the lambs were eartagged for individual identification, and birth weights and litter size were recorded. No male lambs were castrated. At about 24 hr of age, all lambs in excess of two per litter were removed from the dam, trained to suckle commercial milk replacer from a "nursette" unit and artificially reared in groups. The lambs chosen to remain with the dam were matched in size as closely as possible. Creep feed was introduced to naturally and artifically reared lambs at a few days of age. Artificially reared lambs were included in the total number of lambs weaned per ewe, for reasons discussed by Oltenacu and Boylan (1981) .
Lambs were weaned at 70 + 3 days of age, and lambs and ewes were weighed at that time. Ewes had also been weighed just before mating, so that weights at the beginning and at the end of the reproductive cycle were available for most ewes. In each year, the production record of each ewe that lambed was coded as "1"; barren ewes were coded as "0."
Data were analyzed by least-squares procedures described by Harvey (1960) . The main effects and interactions included in the models differed for the various traits, and these are therefore discussed with the individual traits. For many of the analyses, each ewe was classified into one of six possible classes: Finnsheep, 90 Finnsheep (BCF), F1, F2, 1A Finnsheep (BCStd) and standard breeds (Std). Differences among breeding groups within these classes were then considered.
Results and Discussion
Reproduction in Ewe Lambs. The model used in the analysis of this trait included as main effects year (1970 to 1973) , classes of ewe and breed of ewe within each class. Class of ewe and breed of ewe within the standard class were found to be highly significant sources of variation. The main effect for year and the interactions (year x class of ewe and year x breed of ewe) were not significant.
Percentage of ewe lambs lambing at approximately 12 months of age reflected the precocity of sexual development in young females. Results of the least-squares analysis for this trait are presented in table 2. In the entire flock, 86% of the ewe lambs exposed to rams lambed at 12 months of age. The Finnsheep, with a 95% lambing rate, was superior to the three standard breeds. The Suffolk was the best of the standard breeds (90%), and was considerably better than either the Minnesota 100 (75%) or the Targhee (51%). All the F 1 groups were highly fertile, with an average of 92% of all F1 ewes lambing at 12 months of age. Both the Finnsheep X Minnesota and Finnsheep x Targhee crosses approached the level of fertility of the purebred Finnsheep. The F2 ewe lambs were all 4 to 5 percentage units lower in fertility than the corresponding F1 class, but they generally were more fertile than the purebred standards. The average backcross to the Finnsheep achieved the same level of ewe lamb fertility as the F1, while backcrosses to the standard breeds were similar to the standard breeds but averaged below the F2 groups in ewe lamb fertility.
These results agree with findings from previous reports indicating that the purebred Finnsheep reaches sexual maturity at an early age (Seale, 1971; Dyrmundsson, 1973) . The results of our study show that this precocity of sexual development is transmitted to crossbred female offspring. Dickerson and Laster (1975) (1971 to 1973) , age of ewe (1 to 3 years), class of ewe, breed of ewe within class and breed of lamb within breed of ewe. The last effect was included in an attempt to detect breed of sire effects on ewe prolificacy. The main effects found to be highly significant were age of ewe, class of ewe and breed of ewe within the standard breed class. There was a significant difference for breed of ewe within backcrosses to the standard breeds. The only interaction included 
was that between age of ewe and class of ewe, and it was highly significant. This can be explained by the large increase in prolificacy between 1-and 2-year-old Finnsheep ewes as compared to ewes of other breeding groups. This interaction can also be attributed to the large increase in prolificacy between 2-and 3-yearold Finnsheep and F2 ewes as compared to other breeding groups. The mean number of lambs born per ewe lambing is shown by age and breeding of ewe in table 3. The overall least-squares mean for the flock was 178 -+ 1.7 lambs born/100 ewes lambing. Over all breeding groups, 1-year-old ewes had a mean lambing performance 51 percentage units lower than that of 2-year-olds. Lambing rate of 3-year-old females was 42 percentage units higher than that of 2-year-old ewes.
The Finnsheep was superior to all other purebreds; ranking of the standard breeds, in descending order, was Suffolk, Targhee and Minnesota 100 (table 3) . Fl ewes were more prolific than their respective standard breeds, ahhough they did not have as many Iambs as the 90 Finnsheep ewes. Prolificacy of the F 2 ewes was lower than that of F I ewes but was similar to that of standard backcross ewes. Both groups were markedly more prolific than the purebred standard breeds (table 3) .
Lambs Born per Ewe Mated. Lambing rate data, based on number of ewes mated and reflecting a more general attribute of reproductive performance, were also summarized. These results are shown in table 4. Relative ranking of breeds, based on mating data, was similar to that found for litter size (table 3) , except for some changes between the Minnesota and Targhee. These means are accompanied by relatively large standard errors and thus limit critical evaluation.
Lambs Weaned per Ewe Lambing. This trait was analyzed with the same model as number of lambs born per ewe lambing. The main effects found to be significant sources of variation were year (P<.05), age of ewe (P<.01), class of ewe (P<.01), breed of lamb within Suffolk ewes (P<.05) and breed of lamb within Finnsheep x Suffolk ewes (P<.01). The overall mean for the flock was 141.9 -+ 2.1 lambs weaned/100 ewes lambing. The least-squares means for number of lambs weaned per ewe lambing are shown in table 5. The effects of age of ewe and class of ewe on the number of lambs weaned were similar to the effects of these variables on the number born. Differences between breeds within class of ewe were less marked aArtificially reared lambs were included in survival rates. Sigmfxcant differences for type of dam, breed of lamb within purebred and F 1 dams and type of birth.
CSignificant differences for year, breed of lamb within purebred and F 1 dams, age of dam and type of birth.
dArtificially reared lambs were included in survival rates.
than they were for the number of lambs born, although some differences due to breed of sire of the lamb were observed within certain ewe breeds for the number of lambs weaned. More (P<.05) crossbred than purebred lambs were weaned from Suffolk ewes. In the Finnsheep x Suffolk ewe group, more Finnsheep backcross lambs than Suffolk backcross Iambs were present at weaning.
Lamb
Survival. Main effects found to be significant in the model for survival of lambs born alive to weaning were year, breed of lamb within purebred and F1 dams, age of dam, sex and type of birth. Least-squares means for several main effects are shown in table 6. Survival rates to weaning (of lambs born alive) were lowest for progeny of 1-year-old dams.
Perinatal survival was similar for males and females. However, survival was 1.4% lower among male lambs born alive than among females (table 6), which agrees with the findings of Hoversland et al. (1957) and Gordon (1967) . In general, survival rates decreased as litter size increased, although the few quintuplets had good survival to weaning based on the percentage born alive (table 6) .
Fa lambs were generally superior to purebreds in perinatal survival (percentage of lambs born alive, table 7). Among purebreds, Finnsheep lambs had the best survival rates to weaning for lambs born alive (97.5%), followed by Targhee (85.2%), Minnesota 100 (78.9%) and Suffolk (76.8%). Survival rates to weaning were similar for F 2 and Finnsheep backcross lambs
